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CONCLUSIONS 
1. INTRODUCTION 
3. RESULTS AND DISCUSSION 
2. MATERIALS AND METHODS 
Carbon nanofibers appeared to be a promising material for the recovery of  gold 
(III) from acid solutions to the treatment of Printed Circuit Boards (PCBs) 
Raw Printed Circuit Boards (PCBs) 
Crushing: 
Blade mill  
Ferrous material 
Magnetic separation   
No magnetic 
Electrostatic separation 
The bet conditions to gold (III) adsorption from a acid solutions was: 
Plastic Conductive  
Leaching (HCl + HNO3)  
Acknowledgements: To the CSIC Agency (Spain) for the support: Dra Irene García-Díaz expresses her gratitude to the Ministry of Economy an Competitiveness 
for their Postdoctoral Junior Grants (Ref. FPDI-2013-16391) contracts co-financed by the European Social Fund.  
Ag Au Pb Cu Sn 
mg/L 0.022 0.014 2.25 32.8 5.0 
Chemical analysis of the PCBs solution 
Carbon nanofibers characteristics 
Density 1.9-2.0  g/mL 
Purity >94%  
Particle Diameter 0.03-0.3 μm 
SBET 107 m
2/g 
Elemental Chemical Composition (wt, %) C:99; H:0.0; N:0.03; O:0.36 
STIRRING SPEED 
Au (III) CONCENTRATION 
Adsorbent dosage: 0.025 g  
Aqueous phase: 0.005 g/L + 0.1  M HCl  
T =20ºC;  t= 1 hour;  θ= variable 
Stirring speed (min-1)  Au (III) adsorption (%)  
3000 93.9 
2000 98.3 
1000 92.0 
250 89.0 
ACID EFFECT 
Adsorbent dosage: 0.025 g  
Aqueous phase: 0.005 g/L + variable HCl 
concentration 
T= 20ºC; t= 1 hour, θ= 2000 min-1 
Adsorption increases with the stirring speed. Maximum adsorption is achieved at 2000 min-1 
0,0 0,5 1,0
0
20
40
60
80
100
 
 
A
d
s
o
rp
ti
o
n
 (
%
)
Time (h)
 0.1 M HCl
 1.0 M HCl
 10 M HCl
Gold is a valuable metal. It is used in jewellery together with  various 
industries due to its chemical and physical properties. Thus  the 
recovery of it from various kind  of wastes generated by these 
industries is also today of growing interest 
ADSORBENT DOSAGE 
Adsorbent dosage: variable 
Aqueous phase: 0.005 g/L + 0.1 M HCl  
T= 20ºC; t= 1 hour, θ= 2000 min-1 
Au (III) is adsorbed onto the carbon 
nanofibers and Cu (II) remains in the 
liquid phase 
Adsorbent dosage (g) Au (III) adsorption (%) 
0.025 98.8 
0.013 79.2 
0.006 62.9 
0.003 35.2 
Adsorbent dosage: 0.1 g 
Aqueous phase: variable + 6 M HCl  
T= 20ºC; t= 1 hour, θ= 2000 min-1 
TEMPERATURE EFFECT 
Adsorbent dosage: 0.006  g 
Aqueous phase: 0.005 g/L  + 0.1 M HCl  
T= variable  t= 1 hour, θ= 2000 min-1 
Adsorbent dosage: 0.1  g 
Aqueous phase: 0.005 g/L  + 0.016 g/L Cu (II)  
+ 6 M HCl  
T= 20ºC  t= 1 hour, θ= 2000 min-1 
Temperature (ºC) Au (III) adsorption (%) 
20 62.9 
60 31.5 
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Au (III)
 Cu (II)
Gold concentration (g/L) Au (III) adsorption (%) 
0.05 96.6 
0.1 49.4 
0.2 31.4 
The aim of this research was investigated the performance  of carbon 
nanofibers in the recovery of Au (III) from a synthetic gold solution  
Adsorbent dosage: 0.025 g 
Aqueous phase: 0.005 g/L + 1M HCl 
T= 20ºC;  t= 1 hour; θ= 2000 min-1 
Carbon nanofibers PCBs solution 
Au (III) percentage adsorption is more 
than 90% at all HCl concentration studies 
Au (III) and Cu (II) 
In PCBs solution gold recovered reached more than 75% after 4 h of contact  
